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u 
u 

WlftKOiai d #4 0 u mfcLtT* 0 . 

~>x. 
u 

TO ft d #4 0 mtUh"C» 9 , 

®b <7)*TO|tlc7)gggt t # 3 0 ^ mJjLhT* & £ b 

imm4i mmd&6oum&LkX'f>hzt£mk 
t-t&mxm'i ^ Lm&m 3 <n\ Yfti& 1 mzt m<v 



« 0 ^ a mmk^mmmnvm p a* 1 4 0 u mw±x*fo 
hzt zmm t-th mam 1 Lmm4 wra** 
1 mzsmnmitm^mfti'-^m?. 

imm6] m£Ptf30 0txm&±X'$>Z>Zbt:ft 

immi i &m**mwm\twmwmL<n c 1 
-100] -Kfaizm-Txxfo&z t zmt -rmsm 
1 > tit &m 6 ct)v ^-rti^ 1 mtzminmwmmfa 

tzmm^mfomzffittmmtmwv-ifm^x'h 

ot, 

^TOl^^SE^I t 3 0 mJJLhTft Kt»t 
ClfOT9] « t ^'5 0 At mi^jLh-C*^ <r <k 

^-rtifr 1 mizimvmim^mfti'-rm?. 
imm 10] m> s ^ >y -t 
as«w [1-100] #f6j£Hmre£&i sr^fc 

[ft^js 1 1 ] m&m 1 JSru LftOT 1 0 <5Divr*t*» 

[ it ^ 12] m * izaprttmrncDx 
<m®t ^-thm.im^mvmwi±^ * h yjyft 

mftis-vmwm&umTfo o x . 

i^-i^wwsttt «r nizm&mnfr&M^m® t co* 

cmot 13] b« 0 £ 3 

zmi>z^&m<ntm^m®^^m®b <D^^<Dwm 
t*3 0jjLm\$±b^&z\b*mmb'*hmtmi 2c 

1 4 ] mK&mmwzmim^mmbmLft 
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mt ^TkTOffl^ra t £ 3 0 jjl mVXt t-f&ZkZft 

40u m&±<Qm<tm*mtomm*m v * h z t zmm t 
[ mas 17] sen p & 3 0 0 u Mtnmm^m 
1 mzm 1 s ] m ^z^^mm^ Tvtn 

u-^mmmigzm^s^'y^yxmmtmLmzm. 
v- -f xmm® t z tuzmm&mji- 

MkCDfr^JifanSeMt £ 3 0 um&Jtt-f6 Z k 

mk^&mAm*m&\s-^m^<nw&-m£* 

[f££Jgl9] mmt£5 0jxmlZLkk-fZ>Zk$:& 

mkt&mxmi 3. m$mi4. mmmis. zm* 
ifOTi 3i>L<&m?zmi4£mm~fmsmi 5% 
v > lisot 1 7 c7) 1 >-r*L^ 1 m<<znmcr>m.i\:m¥mfo \s 

[00 0 1] 

%mk Lxffith*mwm'mmzmL, mz. mm 
^mftzmik Lxm^&mim 2 mft\s~ m^zm 

[0002] 

imtcr>%mi GaN, A 1 N, I nNtsXlf^tl&CD 

m^z^m^ti^tm^mmtmizxK). mm^^ 
mmmxzmt h ^m^v— f mwuw- ztix^z. 

X3 9-^L6 4 7~L6 5 0i: (Jpn. J. Ap P l. Phys. 
Vol. 39(2000) PP.L647-650) Xm%ZtLfz¥mfrU~ f 

mi L i*z<7)-~MX'h v ). GaiNmfiLttzmMWKxhy 

U zcn±t,z^ xh?jy°V:m&i$& (y y^h^-fr 
mm) *tthmm^&<mmmm*B$LL. mm 
g anm^zmm^m^xy-^m^mm-h z k # 



rfrntztix^z. 

[0003] mmm^xhy^r^comn^iy^s i 

0 2 7X;A7-y (W20/im) ^^L^TtfeG 
aNit, MOCVD& (Metal organic Chemical Vapo 
r Deposition) (Z J; 9 , 1 

"C. OTOTfiSr^x^-^.g,. ifLJi. ELOG 
( Epitaxial ly Lateral Overgrown) k V$i£tL&&ffiX 

X'foh* MS?)HVPE}£ (Hydride Vapor Ph 

ase Epitaxy ) lz i 0 2 0 0 u mJ??)G a Nig£^j£ 
U Tflfe^^*-r&Jli:T'GaNS^^MiS-ri>. -0 

T3 0mWT\ 1^1 500 0^T'|)o^ 
[0004] 

[^HJ^^Li^t-r^igM] L£>L3:#^ H>fie$g 
3\S\C7)m^M (TMM. MOCVDj&^ HVPE 

j8&) *<mki,xm. imx\ £Mmzmm&h^ 
tz. tti. v— mmmii>£tz-\-ftX'tc< . zt>i,zm 

i&Xmttti (#l;Lfcf. 7 0 o C. 60mW) (DgkftX'cm 
ifctf+ftX'tcfr-otz. 

[0005] *wmz<D£ o %&lz^frX%i$tltzi> 

cox\ u-^ftmmtco-mmtifz*mftu-^m?& 
£vz<7)m%%$m%m£&&-thz k z mmk-tz . 

[0006 ] 

TO^iltli, ^<HAl,Ga, I n z N (0 
^x^l. O^ygl, O^zgK x + y + z=l) 
X-ffif&iStlfzm&LX'h $ IZ . ^ftWzgftg^ 
(i. -e^^^-rfei.SS7cS^2 0%OT7&>\ A 
s. P^it/Sb£7)7U^£7)a*>^<i:i>^m^ 

[0007] LX. m^nttK 

te. -7Ci^f H i:^l,GaN^T'l>^o r7C»ftfc-r h 
ZkX\ &fix>'-£fc&D. ^i:LT££U:!f#1x<7) 

GaNi:-ri>^i:T\ &tt%mmmmt>ti& x o 

#WC(2. A 1 GaNlItliS. AlGaNl 
WL^X o I*f#G a N J: 0 V^W^^Ki: 

Lxm^&zkx\ mft~~imm®cD¥mft]s~-f$:±. 
T&btf&mz^h. 

[ o o o s ] ttz. mim*mftmfcii, nmi>.u< a 
P m<D \<-^y bmco^mmtfimn^tix^x -tsffih* 

V\ ^mnkLXli, Cl. Se, Te, C. 

Si. Ge. Zn. C d . Mg*3 ilAB e^^ffl^&<I 
i: -5. . ^£7)^^^»4(i 5 x 1 0 1 e / c m 
3 12XJL5 X 1 O20/c m3^T^'*f ^ 
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ffi<7)?-h. Si. Ge. O. Se, C 1 (O^-ftXfr&m 

[00093 *wmmxiwtthwim¥mwmx.t l zm. 

n 2 N(0gx^l. O^ygl, O^z^h x + y 
+ z = 1 ) -C«lRS*Ufe«T*S. ^-fL^^Mti. 
-e<7)^«*T'fc^^^7cS<7)^72 0%OT^\ As. 

p tj i s b (VTtmmco o-h&%<ti>\ vrtifrVTite 

[00 10] ifc. a^lM¥IVfMtt. nifcKlip 

t^. ^Ififtt Cl.O.S.Se.Te.C, 
Si. Ge. Zn. C d . M gfc XX/B e#£ffl^£,r 
fc #T'# S . ^ WMSMMJi 5xl0 16 /cm 
3 feLt5 x l 0 2 °/c m3JSlT*«»4 Lu. BflftPMWfc 

<?)5£>. Si. Ge, S. Se. TeDlYtffctaPttfc: 

d. Be to\,YftlirtffitZ&± 
I 0 0 1 1] ^«rajfiW-*JStWfci4, #F«*> 

m-*f#F«ito$SttHtt, lo 

Fm/GSM^lffifc;**^. IMf#FM 

4. 

[ 0 0 1 2 ] ^ H H H ^®^{a^^-r^^'Sc7)i§ 

[0013] mzB&zmfct&titbiz. *mix-te. 
mm¥mwm&t. ^^znm^tim^wmw 

* V y 4 r«<0l^-if3iait»««** L . P-lfJKUCjft 

fc<50*TO[flJ*)ffiJtdj&<4 O/xmi^T'fcSMfct 
a^O«{fcJfc+««*»*> 4 0 mULh-r LTiK&ftfi 

m±izim^^> z t x\ u-vtmmswwmin 
[ooi4] *ftwx'ii&tz, mim&mimmt . * 
uc^x b y* r^^am^^fc . Ht 



h<o. is-^ftmmmmtzti<,zmm&&mk*ffi® 

t nWJj&WBm d #4 0 ju m 0 » 1$ 0 3 

& t §= s P -1fMe»»1Btt fc £ ft t«5SSf <0(S«i2<S« 
<7)*TO[6j<7)gE8l t # 3 o m mJjLtC* S« 

m%&mmtf& t & z t z nwmimwm 
m^v-^mmm* 30^ m&±-rt>-tz t x\ 

[0015] xmix-iZZ g«^«c^t . * 

d**4 o // m£LhT* o . Fftmrnm t Mzm 
m.mcom^ s ^ «y ^yxii t ^TK^^riti^i^ t & 3 
ojjLmvxtx-h&ffii&b-th. iifr$*vi£>xmm* 
mm t i±'j? L&ncom* % mmx-h 0 . <i <n®m- & v 
-^ftmmm 30^ mi^LL-f t>~tz t x\ 

[0016] mit^mikmRiz&w&mv&o&wM 
*immcomm p « 1 4 0 xi m j^±r$> ^>:fc^itL 

-?t 3 ~$-<r>*m%\iz.-thiz)sbX'hh. 

[0017] &tz. ZomMPte 1 0 0 0/xmOTT-S> 

4 £ t tmt lv ^ mmm&v a 1 — rsismfim 

htxsbx*$>h. 

tools] mwmmtmmi: lxiz. *e>ti-i 
0 0 ] xmtzmmis#imm¥ft*i>0)*m^&zt 

[0019] *»^Ctiife. S-ftfl^lflcSIRi: . -e 

yams, fiMumwflm^x h ?®.<m)v 

*^*>'X«^fe^-ir3iaKRlRWt 3 0 
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[0020] mammtomLt lt«, ^ c 1 - 1 

0 0 ] ^faCiS/P $ * y -b y ^i^maTOSr kcDSrffl 

[002 1]M«ftl(l In,Ga 1 . 1 N(0< 
x<l ) *^^$ii^,#F^^^-r-l,*^#Fvgtt 

[0022] mm^mwm\t. a s . p&jci* 
s b <n 3 *>^< ^ *> ^-rtL^cDTcmi^tsmim^m 

[0023] *«HB-C*i. ^HWttffc^iBfci^SflS 
^gftU-f^fcftilgi; LTffli. Sid fcf & . 
[0024] *miTli£tz. HWZUWft%mLV>A 

* h ? * y°tttou-vmmm®zMz. tzmitwmft 
<mm mm ^r-r * MfM&^awwi * a is $■ 

atts t £ *> (c . u— f%mmmi&t ztitzmss&m 
m$k<PMmt to^^co^m a^aou mtLh ^ -r & 

[00253 i^oi^&^+fsra^*^ 

ffiKt^3 0/imJ3Lhfc-r&«t"5t=LTfeJ:^. JSfflfc 
[0026] fi(Effira+fctefiBI+««i:Pmf^^ 

*m ffl u s t & « , u—wemmm bztuzmz 
termtv $ ^ >y -b y^mmt to^^comm t $■ 3 0 

m%h wv $ * <y -b ^*«jwa>s> f ymmmz-? 
[0027] mv&omiM*mmv>%mpwi4o 

[00 28] *Jt, ZCOmMPWl 00 Oum&T com 

v^&&®toTmz{mL*\,^&m%®tt<7)*z ^ 
tmftu—fmTbft&tozmiir&zttfx'Z . ztz. 
am* mnn±~t&. 

[0029] j&mx-it&tz. 51»^(C*W«r»^ 



figr sig &4trSftft¥*ttL' -if m^wmumiz 

$ ^ «y -b y^.^ fc c7)7]<TOf^^SEIi t ^ 3 0 

^mjiUbt^j;d^-rs. ^^^^^ 
[0030] iKfia^^^^r-rs^-fbw^Mt 

LTIi. 7rt7M(ll-22} LTlg® 
ktfX**&. 

[0 03 1 ] S;P5*«y-b>'^<S«*^rr4a>ft: 
ft^ftSKfcLTtt. 7r^7 hi(ll-22)ffi 

5 * -y -b y^««3&^M^)Dflfl^«01I±aJ^T^r 
[0032] 

[^o^jfe^® ] <mmcmm 1 >n 1 i4*nw« 
mmcmm 1 cow*^— 1 ^^-r»fffi^ia-e 

* 5 . H 1 ti. *HM^?B^^^^-if 1 * . 
5K*8ttri6i*^^fc0-c*&. Hlfcfev^, I0(in 

iGaNsmo, mi o*fi(cti. mmk*mm 
t%->x^&. ttz. i&mmm^zt^ ^^zmim 

*ffl£ 1 1 iw^fr L T ^ 5 * -yty^mm 12 
-TS. S^l 0±(Cli. M-ft^^Jf {ib-^^r^^ 

y«^ii ) 1 3 a 5 tix t ^ . a^HmmsMi 1 3 

15,16 ^-e/X-m^^iXT ^ o 0 1 OKlfHS^ 

1 2 *j r 3K^^ 1 4 (i. ia 1 <omn 

So 

[00333 *gmv>Mmco i m#\s-v t m? 1 
&M#m® 1 1 1 <vmM* <a . 1^-- t^^to 1 4 1 

= 8 0/am, t = 1 2 OAimfc Lfe. =5r*5. ^&MMmz 
^$^-b>;^is8c7)^frfi 

[0034] mT{3 s 2i5^co^^<^i^#:v— *rm=? 

1 coSit^icov^JHItt too. $ L < 

miz^xi>mmt&. 

[0035] (GaNSt«?;S) St. nlGa 
N1S 1 0 <0»ftJ«S*ffi««pl& fca^S . GaNWi 
Sii. ^rb yhffi^^^SOT^ttJ-rSJro^L 
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[oo36] mm*mmz\t\,\<^fr<?>w&tfbh. 

^z^ mmcommmmm^wn^if [ooon* 
mx-b&oxzftLx. &mwmz i o o o - 1 ] -n 

imnm izimmKcm&tf*k t h . 
too37] ®m*imx$\\ l z&mz'£htzx>. ? 

>y hmZWcmzt'cQJ: 0%&®X*mii*ikhMz£ 9 . 

izLtz (]f^7tw±<7)) nm^mm^xo^y 
r-t y bmzmmzmiZitx&im. mmzznftM 
nm&commzm&r). m&m*mmimmMz¥ft 

%\mttt%'>Xt°>yh$:&m-Z>. £tz. gfrffi^'V^ 
ttcr>m<omW(0£ o 3:7 r-tr -y )^ffi£M£fS£§-t!:T 

[00 3 8] »4t?«7r*7 hS^at LT 

j? c7)£ v ^fir & b <?>mmz y r -fe -x h 

L\ *f M^ilC J; -)T7X^±f7 r 1 7 M 

mar. ±T*^a«<offi!ns<o«fc o^r-b 7 hi^ 

v^ik<?>mcr>mm<7) x o^yr-tv bmzz&kz-tz <r 
b&v$&.~?x?k Lxmm&ttztezm&nmz 
swu* x < , s i o 2 <?)M^s^®t« 

[0039] -£<oot£©t® L-cgtffifk-r 

^« t $t%£ &&M*ffii$&E.imt l zx h vA 7VI 

[0 0 4 0] nmGaNmSLlOcom^^W^Jfm 

02*#ggLT|ftWS. 33t£ft2 1±fc:. HV 
PE$Ci^ nIGaNI22J > 7r-tr>y h® { 1 
1 - 2 2 } ® 2 3 #j&g*tf>OT£±fc LX$kmt& i 



fc. (0001112 6imiZLtz®tttfX h 7^7t 
12(a) (i s .;^«IB*UlBJL3tlffffi0 

[004 1 ] Z\ZX\ HVPEffifcV^Oii, 

^M^KJEE^±cSEgPtG a h zmiXtomt 

tzGammZHC ltfX£\fc%&tsJ:olZl,. 

TSKIKcXflcSSarc N H 3 3 LXti 

MLitGa^^ (MfR) tHC 1 ^D^&X/C' 

GaC 1 £-£f£U T^MO. T2TCNH 3 i:RJE3 

•£G a N LT , G a Nj&^^tfta-T XdlzL 

■fzhnx-hh. 

[0042] -3mmfo2 lbLX\t24>^- (111) 
GaAs»7xy\-£fflU*:„ S«s 2 1 CDttmizmzftltfj 

[0043] _tI£IHI£b<ifcf «yf-P=400//m<7)^ii^ 

(±. si* 2 1 ±{z^ ^ ip t#>±.mnmznjfe Ltz s i o 

z^WXfZffifSLLXii* ^ ZtiZmkLXyr-tv 

^.^{i. GaNg H ^ [1-10 0] ^TlfijtZTOtC^S 
J:3lZ. tyf-P = 4 0 0Aem-rxh5>fr«fe:ffiaS 

iti®-mfflmx'\m±iz{mt?> h «y h^x-^ 

-So 

[0044] 7rt 7 h {11-22} ffi^flUlUttf 
tiL *Hi«A*«*taiHLfcWffi¥ 1 1-273882 

[0 04 5] Z<O*0 \t£&r>t:t&. Z 

3 0mm^^7hJfmLit. H2 ( b ) > 
rf>y h ^ UzmX'&&. 

[0046] yrf«y b^, ^.^^-^-tcj: 0^.5 

W^OTJnXLT^ (nlGaNlS) £f§fc. Jt>V 
SrW^DX LT » &ffi1Fm& 2^^f {»5cm) 
JI$3 5 0^m«nlGaNitl 0£f#£ o Xf 

tz. i5*3T ( 0 0 0 1 ) Mb Lfztf. 

tizzctf^isvjujSL&zti&mfcwtmftmi 3^ 

7 * viS-iF?-MX°M;mz%&tzit>lZi^ (0001) 

mfrt>&ne>jriQtzo . 2-1- <7)mm<7)^ &$m^$ 

ffltt*««<ht:'fc*J:5trr&fc»(ctt, o. 4-0. 8 
0 ^SRfflt-t&ifctftfiLfrifc. H2 (c) ii, i 

3 LXn^tlfznMG aNWffi.1 O^BfffiH (— 
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H2 (d) (i. ±M (-SWD*^) 

X'foh. 

[0047] LT%t>tltzGa.NmMl 0?)f¥{ffi£ 

Mm (M2 (a) fcfctvc##2 4T'^L£gfcfr) K*f 
[ 0 0 4 8 ] $ $i&0*Ii8£ 2 5 OTCfcJW 

izW&W&imifi&LtWtzm (122 (a) IZH^X 

tfWtoXM*LX^2>m® (&QM*m®) X'hhZt 

im%Lti. ojd. jjas^ti. zwrnrnzftrntx 

[0049],lc0J:d fc«»tfDaMM4. mtiLtfWbxm 

cD^Ji. EPD (X7fe7hfg) 10'- 105/ 

cmi&comm&mmtKix^ti. mm&mw)E 

zcoxoiz. mi lx-mztL&jLottmii. mmtz 
it-*xmfri>&{iL®m*±z <%~>x^&&ftx'&&tz 

[00 5 03 V-yTJUtmsm (Hg7y736 

5nmim$:m^Z>ZbtfX*Z&) £KBStLT> mMfr 

b<nt\'$*v±>z*mm*m^xmmLt: mxm 

tit:, zommz. mmzvmmx'mmzti&ftft 
[oo5i] m&immtzyT-bv hm 

{oooi> wwmm L00«« LT V ^gfcft 2 5 X'b 
0, Hl&i£/H2 (d) ttfl2t«3*i4««f 

7rt-yW {.0,0:0 1 > ffi#£lrtJ Looj&f| LT Vtf; 
Sfcft 2 5 #W £ ffiHoff JttT-T 6 t 

J W»6S'*»-tfT.v--iit,^>^. j£v->fc.r^T\ 3 0// 

[00 5 2] ^r*>. Z0>£oKm}i>$.*v*L>Am® 



ifcttSifLfea5^«er*ffe<o««tt, _hlB 

[ 0 0 5 3 ] ±IBG a Nmm 1 O^fig^W 

ttM^ . HVPE &^h<7)Mffl^t: J: X i> X 
<. MOCVDS (Metalorganic Chemical Vapor Depo 
sition) „ MOC^ (Metalorganic Chloride Vapor Ph 
ase Epitaxy) . JHK£fc*f£fl!tvr ^mWT^Z btf 

[0054] G a Nffig 1 0 O&f&WtltoCDmMlzmi > 
&Sfls2 1 i: LTii. GaAs^K;^ fftjlOt-AEl 

tfX'*h. DlfeiURfc LX\*tdjti8kX'1b&triLn 
fi«Tfe4ifi*W«>nS. A^rA9R<0*ft^ ( 1 1 
1 ) ffl*ffiitrHllI»«;tt36«*S. t7T-f7. Si 
C\ ^ x NdGa0 3s ZnO, GaN, Al N^ri:* 

co^tj^com^m v >s £ t -g. . si. x t- * 

/K MgO. GaP^if<0i*fi^<0 (111) ffiS^ 
£J8^6 ^ii^(iGaN^C®T'^$ 

[0055] GaNS^l 0<0«c7)^OV^.^«0ig 

<<z~?x<?zmm-h^mx'fo&. ^com^. xt-ic5fc 

^±(zWJt«S?W<GaN«^^LTiJ^T. * 
[00 56] ;;tliiI10i:UGaN^ 

[0057] fl!3fe^«^Lfca^«m»fKaR<^H 
*|6lri6««f (ELOG^Ti) ^fflt^ifcT. MS.* 

ztvf. muMimtstzft-ox * mmm\*uz-miiz 

MtT. m&MM. ( t7f)61 1 0 0txm*-yX'& 
h ) fc:S0»S*l& . VtmiffiCDG a NSMfc , ^Hg-c 

m^hmmsmwmmz^ zw&o^m^wfoh. 
[0058] ^cotzto. mmm<Dm&.mmcr>mmz%± 
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!oo59] ( mim*mftmcr> x t? ^ * >v^ ) 

<MZ^ nlGaNitl 0±^«¥*f#JIl 3^£ 
d3^#MLT8¥m^o H3{i. Hlc7)^#cU—1f 

$•> M^^sttJi 1 3^™it^p$fl(^-rci: 

dtz^L^mOT-CS>0. 1 0 *0±IE^5t43O^ 

[0 0 6 0] MOCVDglJffl^-C, VMf^NH 
3^11 IlIflOTMGa ( MM^/MfU^jU) £ 
Jt(iTEGa ( hUxf-;^'J^A) F-^Mg 
^kLTc7)S i H^JD^, nlGaNSHOCI 
^^gl 0 5 0°CT\ JU?3;um<0nMGaN/f 1 0 2 

acv»-c. 8oo s c^««^-r\ ±Mmm 

(,zi I IJiOTJ: L"COTM I n (hV^^)^y'J^ 
A) Zmt. nil n 0 . 0V Ga 0 . 93 N?:7-y?|5&iiJ!l 
0 3 £ 4 0 n mj£J|$-ttt;. <fcfc, S«J££ 10 5 0 
°C(2±tf. TMA1 ( MM^-/PT/PS-^A) 4fc«± 
TEA 1 ( hUXf-;PT;U5-^A) O I I I 8£jS£K, 
fflWC. 1- 2um&<7)nm.A l M Ga 0i9 N;57 K 
S 1 0 4 fci&flS-tf:*;., nl?^ftt LT S i £ 5 X 1 
0 17 /cm 3 -l X 1 0 19 /cm 3 ijDLyt t n 
iGaNM^HI10 5 ( S i T^mMM^ 1 X 1 0 16 
~lXl0 18 /cm 3 )^0. 1 jumf&£:Z-£fz. 
[006 1] -ecOf£. mffi&m* 7 50ttT(f, 3JS 

mC7)I n 0 . 01 Ga 0 . 99 N|$M^fi£.&vg1iJf (MS 
1 0 6£. W^/^Fil/^M^/^ 

*. mmm&tiimmmk#rmcomii izs i h 4 ( s 

i^SWlilXlO'^lXlO'Vcm 3 ) £m 

MLtz. mmmt#Fm. ttzit^mtmmmt<om 
tz. i mih 1 8 omMH<D&£k*m£mmtz> t % # 

[0062] VgftJlKA s £»T&*§-£JiA s H 
3 {TJVi/V) i!t|j:TBAs (?-is^V7^JUT)U 

aii^HS b£»-r&^l2TMSb (MJ** 

^ryf^y) i^iiTESb (Mjxwm 
Bm.-?&m. Nmnt i tx. NH 3 j,mN 2 H, (hh- 

. C 2 N 2 H 8 (^f^hh'7yy) 

[ o o 6 3 ] mz. mmmtzmv 1 o 5 on&x'±.& 

ZitX. m$2 0 nm^plA 1 0 3 G a 0 _ 7 N^f -v U T 
7V v?mi 0 7 . 0. l/im«pSGaNM>(Hl 



108. 0. 5wm«plAl(,iGao. 9 N^77h'I 
109.i3j;^0. ljt/miOpMGaN^y^^hjil 
1 0 £li#)&f|£-ttt:. PiM!: LXMfMzE t C 
P 2 Mg (t'xx^-;^^c?^y^yji-;^^^ 
A) Mg^lxl 0 18 /cm3-2xi 0 2 <>/ 

cm 3 XW}UL£z. plGaN3^^MH0(?)p 

iwiii pmi i 2(7)^m^zm^xm<^ 

m gco^mtzmif x pmm^mam^m^r 
k-tztbiz. pmm&£:Wzm&cDmm£MAZitxi>£ 

[0064] ZCDXolzLX. piGaN3^^M 
1 1 0£tfy%$-££flL MOCVD^lcO'jT^^-rt 
^tm+'jmtNH 3 tii.T, 6 0°C/# 

x-miz&TZ&tz. itM3!) { 8oo'C(;^^^ 

T\ NH 3 0{*i&£^ii:U 5#f^0^a&g-Cf#«l 

hxfrh. m^xwrLtz. zzxvymfaeMft&m 

{26 5 0 o C*^ 9 0 0°C<DH#M L< . 

[0065] zcoxoizLximLizf&Mmz^yw 
mz£-?xmffiLtzm$k. mocvd^^ia 

m-fX'lz P M-f S fiT V ^ ( M g 7&»*vgtt-ffc L 
TV^) . Pm@«l3j;§r7>^^ hffifiii,® 

T-rs. -tie#^in^.r^*copM'fbr--yi^5:ffl^ 

[0066] I n 0 . 07 Ga 0 . 93 N?5>y?|J6iiJf 1 03 
tt, InfflfigJt^O. 0 7JSlM-T*or<i«*>5flrV^L, 

InGaN?77 7W}jkM 1 0 3 effe&ftfir < T t flli?^ 
V^. U)>L&#£>. ^5>y HJB1 04tGaNitl 0 

y v 9 m±m 10 3$: ifAL^Jii^ 9 v 7 ffi±co&X 
±*)1iftH\ tfz. 77v7Zffi±T&tztbl,Z, #n 
WmtZ&lf&nmvxmmtLX. SIfcftitGet 

[0067] 106ii, KM^T-S6i OI^M^T' 

izm^-r. iomMTX'htiimmmm.®mim<. m 
m^mt^mx-h^tz. ii;2iuii:6ijaT«t 
&IB«8!E*a* t fi< Lt&^^o $ MziMzx-mw 
Ltzm&miz, Al*i£3rt$>J:oizLXl>J:i*\ 

[oo.68]ifc, £ £m?sttJB i o 6 zm-#pm 
tmmmnmmizs i zmmsmnLtztf. ^*m*m 

lial%<Xl>ffih%:\\ LfrL&ifit,* Si«i^^ 

mtoz&amizmu t ^^is^o^ . .r ^ 

J:o^«^^LT{i. Sijattfc, O, C. Ge, Z 
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flH;B<7)i$£fatl 151X1 0'7-8X 1 0 18 /cm3gjg 
[0069] plAl c , 3 Ga 0 ,,N^U7/n7;i 

10 7H ^mmmxh^x^mh^w in^ 

MLtzA lGaNt tfllf. i 0 «^T'^^T'p M-ft 
1TSCDT\ M^«tZvS14«l 0 6*^t^,^-^' 

^tfhhfrtiXfoh. ^'jryn7^ii07OAi 
mmt. m<^h^b\,z^x*^vT<mt?km* 

<*^X*t&L^K 

[00 7 0] &tz. <r<IT'il Pl^77h'I10 9i: 
ni?77 Vmi 04 t LT. A 1 j.jGao.jNfe^ 
mi^zfiK A 1 C0$fij&lt#0 . 1 0h«A 1 G a N 37C 
iS§ H a HT-fc ~> X i> ffih% V \ A 1 <7>m.&&im 
14J1 1 0 6^xW-df-v <yrH&t/@iJr«#t*; 

T'A 1 f&fiScitSvh;* < mfcf . 7 7 <y h'/lT'c^A- 'J T 

wmmwjzz < t£ o , ss^DiwmjEfc is < -r & <r t # 

TSS. Cl^Sr#Ji:LTpffi^5>y Kill 0 9WA1 
ffij^JtS-O. 06-0. og^^-r&.r.tk, L 

[007 1] nlA 1 GaN^77 HJS 1 0 4^15$ 
tl 0. 7jt/m— 1. 5^m*>'«f*LV->. <I#U:J;9. 

[0072] &1z. ^77^1104, 10 9(1 Jh!B 
T'iiA 1 GaN370lif B i: LtztK Al InGaN, A 

1 GaNP, AlGaNAs^47SI^tfeot^ 
W 2t>iz. pI^7K110 9I1 «MStit^^ 
"TS^C plAlGaNltpiGaNfH^ 
jgf&^ftit. PSA 1 Ga-NjtplA 1 GaNf*^ 
K&mferffim. iJtliplAlGaNl^pIInG 

aNmfrt>%mm-mmz^Lx^xi>&\ l \ 

[00 7 3] ZZX'li. MOCVDmmiZ J:§iMI 

mzzmwi-tzfiK tt=m^9*is-m <mbe> . 



[ o o 7 4 ] m^x. mm^mfom 1 3^1^111 

GaNiSl 0±£^j£$ii/ixtr>7x/\-S:. MOC 

^zmjst&Tu-txjMzwm-h . 
[0075] ( ific/o^^ ) v-vm%&m 1 4 

•C*S U -y ^h7-f „ niGa Nil 1 0 £*f 
LX. 11 5:ffl^tiBiLM««t^„ ,1 
tl(l xt^x^-^iBWiO. pI^77H1109 

(TMfttzii.TmtX'i. Ahj-trwrnfttMLx 

iil~3/xm % #£L<ttl. 3~2Atmi:U *Jfc. 
X7f>/'»pl^ hjbi 0 8£>&oj&iH o 

af#fc*ft»lRl 1 3£JBj£Lfc. ^Ml 1 3 

fc LTtiA 1 GaNiH*. x 7 f^$*lffci8o 
^plGaNa^^ hMl 1 0ttSajLT^««-C, 

d^^«tr^jgj^i i3±tc, p«eiii2^Pd 

/Mo/Au ttJBFCX* LT^fig L£ . 

[0076] ttfg|R 1 1 3 fc Lxi&±m&3Mzim. * 

tL<liS«li^H:tt'l. ifc. pMI 1 
2CDtt®b LTflfetZ. Pd/Pt/Au, Pd/Au > 
ifctlN i /Au<ovv«t>&»*/8v>Tifll*>$rV*. 
[0077] xt^xA-SSl (Mil) 

Sf«rscii:t:j:0. ^x^s-c^Ji^^s 0-2 0 0v 

nlll 1 1H lS«IHf/AI«t 
m^LLtz. nnmi 1 IWfflt LTffitZ. H f /A 1 
/Mo/Au. Hf/Al/Pt/Au. Hf/Al/ 
W/Au, Hf/Au. Hf/Mo/Au^, dil^^ 

[00 781^^. iWiA-i 'J-y^h^>f 
r^f^tz^ LTSit*I«fIt3^raL , j«Sg 6 0 0 u m 
<07t7V ■ ^n-«^fflU^ ^H^«i2 5 
0^mKl0 00/im^U\ ^c7)X^tJ;0. 

mt^-ytz. ^hv^yt^<\-ioo>^mzm^x 
mm$ixtzmiwmib\s-^m^<n}m&*m\i.. m 
im¥mfa®i&<D {i-ioo} mx'hz. mm&x. 

^—mizx?7>(J<-lz£ *)Bm$m$:^i?X?focr> 
X'te%<. ^x^-c7)-fp, M£&. ^x/n-c0WS^ 

^SrigttTiliaiS^DFB (Distributed Feedbac 
k) . ^fclU*ftt^^ift{tT«HIS-lir-6DBR (Distr 
ibuted Bragg Reflector) Jffl^t i>»*>3rl*. 
[0079]7ryj- ^o-it«|^7)^jg||^®^^ 

BScLTtm. i«mfci»8 o%^^st^sr^r-r«, s i o 



<a0))03-133650 (P2003-133650A) 



2 fc T i O,<0»«fl£ffi£3SSfca8* U UWfl^JBfiat 
fflfcJBlKLfc. »*#«RltJ!Stiflfi<0K!t«c|5m"r^jS 

^atw- h £ & r% la i co^mnftcu-i^H 8 - 1 
fc. i^-w^r^^i— iraa*iag«i 4 ( U >y 

V* byJT) fcffiHU <?mm\t4 0 

O/imfc Lfc, 

[0080] fcfc fetOnlGaNltl OfctitT-yf- 
P = 4 0 0 At mTlgfiS^^ l l sMEBSft, #M 

nu t = 120tfmiU.«fflKSlSLfc*»i!>.# 

^mwfcp-irsfrp (f>yr) tut. i*aGfii^<f)m 

»WT1i, W= PT* 0 . 2 ( t + d ) = PT 

[008 1] J2LhwJ:3fc:LTHl*iJ:V03^-ra 
1 W Lfc. 

[0082] (^aw*ci^-ir*^^)#tt ) ft^futafl: 
mi o-cff&vwT. u— ?%mHH5 o o oiaaah 

<T5. -£?)#^fi 10 0 O^^JST'J) ofc. 

[00 8 3] (\s-v±mmimtmMLtcr>®.mmm 

3t£WL/0*S£fc£*J»fc-fS. &&V^t _fci$c7)J; 

izX^x. v -if WBWhWWW* £ fc £ , *^bj* 

[0084] H4ii. P = 6 0 0x/mc7)nMGaNS^ 
JbC 4^^S8W^^--if*?lfc«erR«tc: 

<^fr<r>*mft\s-^m^v-vmm$i$:. l — ir 

%?mW® 1 4 fc fefim^^i^ 1 1 fc <DgE8l d tztt tx 
rn,Mfc^57tft4. MLfcSElttdcD^Mgte 
2 0 0/xmT**. mat. Wr«6 0mW s #H 
^iSJg 7 0 "C^frTiTo fc ^(OISJB; s d S 4 0 At m 
T, Hffl^c7)3 0 0 0 S?f3^M$^l, d s 6 0 x/ m 
T'5 0 0 0«±t+M#tt»'f^fit. * 
^iB!)^(i5 0 0 OBt^Sr-t^tfoTfe^-r. 04* 
<7)_b|6|# tftfyWiV— «ffHe)WW* 5 0 0 0B#^±T' 

&Sc:fc£^LfcfcoT*&&. 



[0085] dS10jum<0i§^ U-1f*»aMR« 1 

4*i«M^««w«i'i±fc:<aaLrv^*«. i«o« 
20-3 o^mo^, mmofc&mmvm&t ti>iz 

m Lfc fc £ fc3fc*?fete <t 0 l^-if fH5*CHTSIfc =5: o 
fc . P n m^zW *<f T X £ ma LT P n V-7 

±.ft-f&J:o%mTiZio^Xit. dis6 0/tmc^i^fc 

fcfcfcJditauLT^fc. 

[0086] IMttmX'imZtlKG a NS^ 1 OffM 

mfk*M® 1 1 ^>ig< t:^$iifc^flcp— rm^-e 

RB) tfmiLX^&tifr. ^;tli;«tJ:Dpng 
ffi<0tmtti>1 t zW&&*)-7im£.LXL*\,\ ft 

^m^itLti^tms^iifz, mzkt tx. 

<thd^40vm. ft£L<it. dS60xtmfc|S^ 
•t £ <T fc ^^rft I) fc f JHJ Lfc . 
[0087]^5ii. P = 6 0 0 J um£?)nlGaNli 

not, j&m^mntmftu-' timm 
miz lxufM t , v-^mmm& 1 4 oea^^s l 
fcv><o*»<^mwtcu— fm^Fcvh—^zmmj* . v 
—f^mmm utn/^^yt 1 2 1 ^gg 

Mtt;^LT7°n>y M^7 7t*§ 5 IPfl5Lfcg0S 
t^^cfi(i2 0 0>umT'$)§ 9 fFfffi{i, l^-ifffi^6 
OmW. »HS«BK7 0X:<0*frTlfofc. «e-<0*S*. 
tS30w mt; HM*^ 3 0 0 0 I^NS^^£$*L, 
t^50xxmT'5000 f^SOJifc &*l 
fc, ^Ti3. 05+^±|fi]^^EP*i. 04fc|sI^C 
-if IHB»tfir*« 5 0 0 0 ^^liLhT'S> ^ i fc t T ^ 

[0 088] t = 0umCO^. U—Wem&ffl&l 4 

imji'S* v-tyxmrn 2±^hltv^*«, 

mmmm 1 4 £^ s^m««i2 

^>fc. s^«ffiio±#fc. ®mm$imv>±M&M.t>ti. 

MzX 0 , m^^^Yk LX L&o i><Qb^Z-fi>ti 
fc, S^l 0££VYrft/l'$*<y-fex*m (S>S^{i 
MCiTO*^^) 1 2fc J:t/>etf0i£^tC(±. j^fflj; 

0 1> sfit^i^v mm&mE lx *j 0 x **>fc*>3frpfKE 

tl^miifc fc O fc #i . S^mJES-piffl^ffl 

^<fcfct^30xtm. KftLKit. t^50/zmfc 
K^r & - fc jefcBBT* 5 fc fJBJ Lfc . 
[0089] (S«<O0iL^IEH) iJCC GaNSHg 

lot:i5tt&lEffilfc+««l lWiSt 7 fP^ 
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1 OOfBKlwfcVvtti. 7r^7hffi{ll-22}® 

k&£«fc 5 KiTSClk £ 3 J: 

0. ffiftffiflHL B/PS^v-fe^fflHl 2 

6£fc . 1 1 k 5 * y -k V xm 

mi 2<7)M*frbmmmmmmtitzMMzu-'fim 

%&Mfct<7)Wi./\^X°fo& 3 0umtC0%17 0 vm<7)2 
fg£lh£. t7fPi:LTK^t > P-if#R1B« 

mm± P ^ 1 4 0 jtzm^Rg^^ili, . 
[0 0 9 0] ttz. ffiiPOffli, GaNltl 0<7)J£ 

£TL£3k. e-yif-P#-5£L3:<3:9. ft&fifcG 

&?hz\k immtz&h tifrx-b & . <r t> p <^>« 

HtCOlrVCfcftt-Sk, P<5 0iimIIt(l <r<0<fc 
^»5ffio;imf, P^lOO^mfctS^ 
k *<S 4 L ^ £ k tffofr~> tz . 

[0091] $ <fB&£3gem+ii^ 1 1 krm+s 

-££&ig*>4>-f6k. 7r^7« { 1 1-2 2} ®£ 
^#<«$^{J3^<. P§300/xmfcf§ 

k . ±j*<o i 3 tzffitm^mm 1 1 kMe^-e^x 
U(swa* s 3«fjaii»s: & <t a t^ots* u>>->*_> 0 be 

^otuoK, i oooummmxmmx'bz. & 

HkLT. 1 4 0^P^tl>9s *?4t<«, 30 
1 0 0 0#$?£L^ o 

[00923 <mm<mm2 >^mmcomm 2<rvmw 
]s—fm=F\s$m<mm i (ww^— «f*p i k 

TfcS*ME*P. d. tw«#««JI$rSfc<or* 
6.06 tl*IQt WJBJB l— 9**^) U- if ft 
14k nlGa N££<?)fl£ffi&ittgft 1KI 

;i/5*yfe^fi«i2 osanft o . n 

MGaNS«6 0<oa*>fli^O^#f*:P-if^ (f-y 
7°) fctSflSmei, 6 2T^l/0*S. «r*$. 
*HSfi^®2iJ«ttXf^-SHJS<^®3, 4fc*JV> 

-as. u-if3K»«jB«i 4 . mm&¥mm i . s/p 
yxmm 1 2 ^(aBMfiB^nst^jB 1 1 m% 
zmMwrnmizte^x kmmmm i kPi«^ 

[0093] *mmv>BBe>¥mfcu—fm? i cosbi 

7J*£fc*>UTii. nlGaNli6 0«SM*fil 
1^7fP(i500//mT^O. lb°<y^{22*^lx 



-if3fe#&^m4£MLT. tyfifc"5 21^ 

U-if^l <««6 1,_6 2) <3flWiWtt2 5 0/*m 

[0094] 6 1 fciocvcii. U-if3KS$fc 

Ml4i: «ifiSW)fti2J|l+«« 1 2 k CDgglli d li 1 0 

0 u mX'fo K) . I^—^MeWttliW 1 4 k «5fi«W>ffi(lKffl 
iS«4«ife««12fcOKttt(il 5 0jum-Cft&. flfcfir 
<7)OT6 2 to^Tii. l^-«#IHB« 1 4 fc«aHS 
co<EfiHfe+1H« 1 1 k OBEflldli 1 5 0 umX'h 0 . P 

-rmmw 1 4 k ®^&^<£i£ftii$m4<*fi$ 1 

2 k iOSBM t li 1 0 0 ^ mXh h . 

[0095] M$6 1 , 6 2<0«WkKfilfe4MiaWl 1 
we-yf-Pfcli2W=P<0Hftib&*&»K 2 (t + d) = 
PTM. ®feg6 lfco^t«ISId x t$rd 
l s t lT'^L. ®J£6 2fc:-9VvC<98E8id. t^d 
2. t2X-mtt. dl = t2. d2 = tlT'M, 

[0096] — ^TOM^6 HCfeV^Tt±, nlGaNi 
160 1 1 # 1 *<7)^^i£ 

2fcl4J^Tii, nMGaNS^6 0>ft;fe{im*^l 

1 . 5 * >y -fe yiw 1 2 # 1 

^•s. ^mrncoBBiztiuxh. *mie>mk<oim 
^6«d. t. p (DmwummcDBm 1 ^ib® t ?t k 
iJO-c*o, z<Qm&tz&^xmtev>Bmixi&<.ti%) 

[0097] <$m<?>Bm 3 >*HJfec0M 3 <0^##c 
«f|,^U-f if (f 7 r) l<^R*4fflt=iM 

-^m^nv-^mmm 1 4 k hig a ns««^ 
im^mm 1 1 . ^ ■§ ^ -y -t >x<a« 1 2 oiEaw^ 

iTfrfH-CftO. nlGaNit7 0«^I^?^ 
#Hf»?(frr) UtS<^m7 1-74 

[0098] *HSSO^<7)««s^-iffgf 1 O^Jt 
*3£tI*5^T«. nlGaNlS7 0Mi™i 
1 £7)t°>yf-P{i8 0 0 umX-h") , 1 t •yf-fc:4*<?5W' 

—r^fcaKSffl** 1 4 *• 1E§ L T . t «y ^-*3t 0 4 

flfl (ii7 1-74)«WlifL<, 200 
//mT'J>-5. . JHfcMX,*fffiJ£7 1 . 7 2. 73. 74t 
o^T . U -if 3K»«iBW 1 4 k fBfi^ls^^fitt 

1 lk^BEJidti. Ztl?tl80. 28 0. 3 2 0. 1 

2 0//mT'^>o. u-vwmm&i 4 kmsteWBti 
wfflfcMm 1 2 k <?)$M t . -eixm 320.1 

20. 80. 280/imT'£>6„ 
[0099] m^LtzXo £. ««7 1 l*^MKffl 

«n« 1 1 . mm 1 3 1 *con>v 

mm 1 2***4*l, ffl«7 2iJi^7 4 
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H*fLT2 ( t + d) = PT&*. 

loioo] *mncwmizwT i> . *9tmwm?> 

ftmtmMd, t. PcoCTJiUM^MltlSiitL 

[oioi] <mmcv&m4 >^mwr>mm4\,^ 
u-^mttu-^ftmm® 1 4 1 nic a ns«<o 

46fiBfe4»«tt 1 1 . 5 * •/ -fe 1 2 <OfflBW 

ffi&TFrtm-C&t) . n!GaNSt8 0Oa^*l/ 
— tfS^ (f>y7) 1 fc-T&««*flr^8 lTflLT^ 
ft. 

[0102] ^ttc^JBco^NWIs^-lf*?- 1 
^rffitiJ^Tii. nlGaNiiSO^iiilitlil 
ltf)t°>y^P<i2 0G;umT'£>9. mw-mi 

■y^ft3t0 2/3ffl9«O^flcU-if^ (f 7 r) 1 £ 

^j£-fft ( l.se'/^tcio^f-yn^jfi-t 
ft ) . u-«ara«g« 1 4 km&mo&imtpmm 1 

lfc«d(i5 0/nnt|,l P-iT^iafefBH 1 4 
t «fit^(BMKfi[<R«4»*<H« 1 2 k nmm t « 5 0 u 
mX'foh* 

[0 10 3] @tkUcJ;3(;. i ^i*i/-f»? 
ft. *mM<r)im<7vmfcu-' v<vgmmk\zis^x 

J3. (2/3) W=P-C'S) I 9. #1— *5fe*«flttl4 
WU2 (t + d)=Pm. 
[0104] *g&NS0JBft£2» v? t . *m\(m$kcr> 

t. p^H{iHMc7)Mncie®L 

*: i: tJ 9 0 . <! *>«Hfc:*s V vcSgffctftfBJB 1 

[0105] IS&Qtowm 1 ~4 (Zfc lt 7 
f*fc9¥*fltU~ fS^ (f'/7) £H1. 2ffl. 4 
ffl. 2/3mBm-Z>W.mz^XWLWLtzt>K 

<mm®mi±z\tit l zmt>tL&MfX'i±%<. em. \/ 

2ffl, l/3iI#<0llB£:-f fti-kkT'^ft. S&fc* 

g a n sftLh^-ap^^ffis^iie t . d <mmn 
mBimtLxtmtt^&oiz-ttitf. znzoizm 
mmt tzimmttmx'm&mm&mmfetz - 

[0106] <mm<v&m5 >*mwwmm 5 ml 

COf&Wi 1 ~4 T'^^Tt l J •/ ^'X b 7>f T^jt^w-r-ss 



x. m9&&mLxmtt&. 

[0107] *mM^*l^-f^2(t niG 
aN^2 0 0. *0>±£MiXMti(&1VfcnmGaLVim 
201. nIIn 0 . 07 Ga 0 . 93 N^77^iiti2O 
3. niAl 0 ,,Ga 0 , 9 N?57Kl2O4, nlGa 
NJttfj KJf 2 0 5. 206. P lAl 0 . 2 Ga 

0 . 8 N^t l J7/P7^l2O7. plGaNM^f H 
J1208. p5Al c . 1 Ga 0 . 9 Nil^77h'l2O9 
a. S»iriSliJl2 2 0. plAl Oil Ga 0 . 9 N^2;7 
7Kl209b, P IInGaN3y^^M210fc 
iVp«fi2 12. &£>t/£nTO2 1 1. *»fe»fig§ 
ixft. 

[0 108] «^ffiih^2 2 0{i. pltffil 1 2frt> 

&A§*ifc*8&^ m9iz^uzm^m±mmmcr>^ 
ffl&rcz ft ± 5 izm ; 8iLzmjttz>mx~htiim\<\ mz. 

(f . MflnMAM 2 2 0 i: LT . nSAl 0 , 25 Ga 0 ., 6 N 
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